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Description

Technical Field

[0001] This disclosure pertains to computing systems,
and in particular (but not exclusively) to power manage-
ment of link interfaces in such systems.

Brief Description of the Drawings

[0002]

FIG. 1 is an embodiment of a block diagram for a
computing system including a multicore processor.

FIG. 2 is an embodiment of a fabric composed of
point-to-point links that interconnect a set of compo-
nents.

FIG. 3 is an embodiment of a layered protocol stack.

FIG. 4 is an embodiment of a PCIe transaction de-
scriptor.

FIG. 5 is an embodiment of a PCIe serial point to
point fabric.

FIG. 6 is a block diagram of a SoC design in accord-
ance with an embodiment.

FIG. 7 is a block diagram of a system in accordance
with an embodiment of the present invention.

FIG. 8 is a flow diagram of a configuration method
in accordance with an embodiment of the present
invention.

FIG. 9A is a block diagram of a configuration storage
in accordance with an embodiment.

FIG. 9B is a block diagram of a portion of a voltage
control circuit in accordance with an embodiment.

FIG. 10 is a block diagram of a portion of a system
in accordance with an embodiment.

[0003] JP 2010 044569 A relates to an information
transfer circuit achieving a virtual communication bus by
sharing one physical serial communication bus among a
plurality of buffers in order to effectively use an informa-
tion transfer buffer. The information transfer circuit has
a VC establishment part which recognizes as the number
of opposing buffers the number of buffers for VC con-
tained in opposing devices connected via the serial com-
munication bus, a used buffer recognition part which de-
termines as used buffers the buffers for VD of the same
number as the opposing buffers of the buffers for VC
contained in the information transfer circuit, when the rec-

ognized number of opposing buffers is smaller than that
of the buffers for VC contained in the information transfer
circuit, and a VC buffer management part which allocates
excess buffer regions as regions for extending the used
buffer regions.
[0004] RABAB EZZ-ELDIN ET AL, "Novel Adaptive
Virtual Channels technique for NoC switch", DESIGN
AND TEST WORKSHOP (IDT), 2011 IEEE 6TH INTER-
NATIONAL, IEEE, (20111211), pages 7 - 11, proposes
an Adaptive Virtual Channel (AVC) technique using hi-
erarchical multiplexing tree to reduce power dissipation
of NoC switch. The NoC switch employs power supply
gating to reduce the power dissipation without degrading
network performance.
[0005] US 2006/050632 A1 relates to flow control (FC)
credit updates for virtual channels in the Advanced
Switching (AS) architecture. Devices in an AS fabric in-
cludes state machines for controlling the generation and
transmission of FC update data link layer packets
(DLLPs) between link partners. A link partner uses the
state machine to generate FC update DLLPs for all avail-
able VCs and transmit the FC update DLLPs contiguous-
ly to prevent any given VC from failing to perform an FC
update refresh within an FC update timeout period due
to injection of large packets (e.g., AS transaction layer
packets (TLPs)) between the FC update DLLPs.

SUMMARY

[0006] The present invention is defined in the inde-
pendent claims. The dependent claims define embodi-
ments thereof.

Detailed Description

[0007] In the following description, numerous specific
details are set forth, such as examples of specific types
of processors and system configurations, specific hard-
ware structures, specific architectural and micro archi-
tectural details, specific register configurations, specific
instruction types, specific system components, specific
measurements/heights, specific processor pipeline stag-
es and operation etc. in order to provide a thorough un-
derstanding of the present invention. It will be apparent,
however, to one skilled in the art that these specific details
need not be employed to practice the present invention.
In other instances, well known components or methods,
such as specific and alternative processor architectures,
specific logic circuits/code for described algorithms, spe-
cific firmware code, specific interconnect operation, spe-
cific logic configurations, specific manufacturing tech-
niques and materials, specific compiler implementations,
specific expression of algorithms in code, specific power
down and gating techniques/logic and other specific op-
erational details of computer system haven’t been de-
scribed in detail in order to avoid unnecessarily obscuring
the present invention.
[0008] Although the following embodiments may be
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described with reference to energy conservation and en-
ergy efficiency in specific integrated circuits, such as in
computing platforms or microprocessors, other embodi-
ments are applicable to other types of integrated circuits
and logic devices. Similar techniques and teachings of
embodiments described herein may be applied to other
types of circuits or semiconductor devices that may also
benefit from better energy efficiency and energy conser-
vation. For example, the disclosed embodiments are not
limited to desktop computer systems or Ultrabooks™.
And may be also used in other devices, such as handheld
devices, tablets, other thin notebooks, systems on a chip
(SOC) devices, and embedded applications. Some ex-
amples of handheld devices include cellular phones, In-
ternet protocol devices, digital cameras, personal digital
assistants (PDAs), and handheld PCs. Embedded appli-
cations typically include a microcontroller, a digital signal
processor (DSP), a system on a chip, network computers
(NetPC), set-top boxes, network hubs, wide area network
(WAN) switches, or any other system that can perform
the functions and operations taught below. Moreover, the
apparatus’, methods, and systems described herein are
not limited to physical computing devices, but may also
relate to software optimizations for energy conservation
and efficiency. As will become readily apparent in the
description below, the embodiments of methods, appa-
ratus’, and systems described herein (whether in refer-
ence to hardware, firmware, software, or a combination
thereof) are vital to a ’green technology’ future balanced
with performance considerations.
[0009] As computing systems are advancing, the com-
ponents therein are becoming more complex. As a result,
the interconnect architecture to couple and communicate
between the components is also increasing in complexity
to ensure bandwidth requirements are met for optimal
component operation. Furthermore, different market
segments demand different aspects of interconnect ar-
chitectures to suit the market’s needs. For example, serv-
ers require higher performance, while the mobile ecosys-
tem is sometimes able to sacrifice overall performance
for power savings. Yet, it’s a singular purpose of most
fabrics to provide highest possible performance with
maximum power saving. Below, a number of intercon-
nects are discussed, which would potentially benefit from
aspects of the invention described herein.
[0010] Referring to FIG. 1, an embodiment of a block
diagram for a computing system including a multicore
processor is depicted. Processor 100 includes any proc-
essor or processing device, such as a microprocessor,
an embedded processor, a digital signal processor
(DSP), a network processor, a handheld processor, an
application processor, a co-processor, a system on a chip
(SOC), or other device to execute code. Processor 100,
in one embodiment, includes at least two cores-core 101
and 102, which may include asymmetric cores or sym-
metric cores (the illustrated embodiment). However,
processor 100 may include any number of processing
elements that may be symmetric or asymmetric.

[0011] In one embodiment, a processing element re-
fers to hardware or logic to support a software thread.
Examples of hardware processing elements include: a
thread unit, a thread slot, a thread, a process unit, a con-
text, a context unit, a logical processor, a hardware
thread, a core, and/or any other element, which is capa-
ble of holding a state for a processor, such as an execu-
tion state or architectural state. In other words, a process-
ing element, in one embodiment, refers to any hardware
capable of being independently associated with code,
such as a software thread, operating system, application,
or other code. A physical processor (or processor socket)
typically refers to an integrated circuit, which potentially
includes any number of other processing elements, such
as cores or hardware threads.
[0012] A core often refers to logic located on an inte-
grated circuit capable of maintaining an independent ar-
chitectural state, wherein each independently main-
tained architectural state is associated with at least some
dedicated execution resources. In contrast to cores, a
hardware thread typically refers to any logic located on
an integrated circuit capable of maintaining an independ-
ent architectural state, wherein the independently main-
tained architectural states share access to execution re-
sources. As can be seen, when certain resources are
shared and others are dedicated to an architectural state,
the line between the nomenclature of a hardware thread
and core overlaps. Yet often, a core and a hardware
thread are viewed by an operating system as individual
logical processors, where the operating system is able
to individually schedule operations on each logical proc-
essor.
[0013] Physical processor 100, as illustrated in FIG. 1,
includes two cores-core 101 and 102. Here, core 101
and 102 are considered symmetric cores, i.e. cores with
the same configurations, functional units, and/or logic. In
another embodiment, core 101 includes an out-of-order
processor core, while core 102 includes an in-order proc-
essor core. However, cores 101 and 102 may be individ-
ually selected from any type of core, such as a native
core, a software managed core, a core adapted to exe-
cute a native Instruction Set Architecture (ISA), a core
adapted to execute a translated Instruction Set Architec-
ture (ISA), a co-designed core, or other known core. In
a heterogeneous core environment (i.e. asymmetric
cores), some form of translation, such as binary transla-
tion, may be utilized to schedule or execute code on one
or both cores. Yet to further the discussion, the functional
units illustrated in core 101 are described in further detail
below, as the units in core 102 operate in a similar manner
in the depicted embodiment.
[0014] As depicted, core 101 includes two hardware
threads 101a and 101b, which may also be referred to
as hardware thread slots 101a and 101b. Therefore, soft-
ware entities, such as an operating system, in one em-
bodiment potentially view processor 100 as four separate
processors, i.e., four logical processors or processing
elements capable of executing four software threads con-
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currently. As alluded to above, a first thread is associated
with architecture state registers 101a, a second thread
is associated with architecture state registers 101b, a
third thread may be associated with architecture state
registers 102a, and a fourth thread may be associated
with architecture state registers 102b. Here, each of the
architecture state registers (101a, 101b, 102a, and 102b)
may be referred to as processing elements, thread slots,
or thread units, as described above. As illustrated, archi-
tecture state registers 101a are replicated in architecture
state registers 101b, so individual architecture
states/contexts are capable of being stored for logical
processor 101a and logical processor 101b. In core 101,
other smaller resources, such as instruction pointers and
renaming logic in allocator and renamer block 130 may
also be replicated for threads 101a and 101b. Some re-
sources, such as reorder buffers in reorder/retirement
unit 135, ILTB 120, load/store buffers, and queues may
be shared through partitioning. Other resources, such as
general purpose internal registers, page-table base reg-
ister(s), low-level data-cache and data-TLB 115, execu-
tion unit(s) 140, and portions of out-of-order unit 135 are
potentially fully shared.
[0015] Processor 100 often includes other resources,
which may be fully shared, shared through partitioning,
or dedicated by/to processing elements. In FIG. 1, an
embodiment of a purely exemplary processor with illus-
trative logical units/resources of a processor is illustrated.
Note that a processor may include, or omit, any of these
functional units, as well as include any other known func-
tional units, logic, or firmware not depicted. As illustrated,
core 101 includes a simplified, representative out-of-or-
der (OOO) processor core. But an in-order processor
may be utilized in different embodiments. The OOO core
includes a branch target buffer 120 to predict branches
to be executed/taken and an instruction-translation buffer
(I-TLB) 120 to store address translation entries for in-
structions.
[0016] Core 101 further includes decode module 125
coupled to fetch unit 120 to decode fetched elements.
Fetch logic, in one embodiment, includes individual se-
quencers associated with thread slots 101a, 101b, re-
spectively. Usually core 101 is associated with a first ISA,
which defines/specifies instructions executable on proc-
essor 100. Often machine code instructions that are part
of the first ISA include a portion of the instruction (referred
to as an opcode), which references/specifies an instruc-
tion or operation to be performed. Decode logic 125 in-
cludes circuitry that recognizes these instructions from
their opcodes and passes the decoded instructions on in
the pipeline for processing as defined by the first ISA.
For example, as discussed in more detail below decoders
125, in one embodiment, include logic designed or adapt-
ed to recognize specific instructions, such as transac-
tional instruction. As a result of the recognition by decod-
ers 125, the architecture or core 101 takes specific, pre-
defined actions to perform tasks associated with the ap-
propriate instruction. It is important to note that any of

the tasks, blocks, operations, and methods described
herein may be performed in response to a single or mul-
tiple instructions; some of which may be new or old in-
structions. Note decoders 126, in one embodiment, rec-
ognize the same ISA (or a subset thereof). Alternatively,
in a heterogeneous core environment, decoders 126 rec-
ognize a second ISA (either a subset of the first ISA or
a distinct ISA).
[0017] In one example, allocator and renamer block
130 includes an allocator to reserve resources, such as
register files to store instruction processing results. How-
ever, threads 101a and 101b are potentially capable of
out-of-order execution, where allocator and renamer
block 130 also reserves other resources, such as reorder
buffers to track instruction results. Unit 130 may also in-
clude a register renamer to rename program/instruction
reference registers to other registers internal to proces-
sor 100. Reorder/retirement unit 135 includes compo-
nents, such as the reorder buffers mentioned above, load
buffers, and store buffers, to support out-of-order execu-
tion and later in-order retirement of instructions executed
out-of-order.
[0018] Scheduler and execution unit(s) block 140, in
one embodiment, includes a scheduler unit to schedule
instructions/operation on execution units. For example,
a floating point instruction is scheduled on a port of an
execution unit that has an available floating point execu-
tion unit. Register files associated with the execution
units are also included to store information instruction
processing results. Exemplary execution units include a
floating point execution unit, an integer execution unit, a
jump execution unit, a load execution unit, a store exe-
cution unit, and other known execution units.
[0019] Lower level data cache and data translation
buffer (D-TLB) 150 are coupled to execution unit(s) 140.
The data cache is to store recently used/operated on
elements, such as data operands, which are potentially
held in memory coherency states. The D-TLB is to store
recent virtual/linear to physical address translations. As
a specific example, a processor may include a page table
structure to break physical memory into a plurality of vir-
tual pages.
[0020] Here, cores 101 and 102 share access to high-
er-level or further-out cache, such as a second level
cache associated with on-chip interface 110. Note that
higher-level or further-out refers to cache levels increas-
ing or getting further way from the execution unit(s). In
one embodiment, higher-level cache is a last-level data
cache-last cache in the memory hierarchy on processor
100-such as a second or third level data cache. However,
higher level cache is not so limited, as it may be associ-
ated with or include an instruction cache. A trace cache-
a type of instruction cache-instead may be coupled after
decoder 125 to store recently decoded traces. Here, an
instruction potentially refers to a macro-instruction (i.e. a
general instruction recognized by the decoders), which
may decode into a number of micro-instructions (micro-
operations).

5 6 



EP 3 120 216 B1

5

5

10

15

20

25

30

35

40

45

50

55

[0021] In the depicted configuration, processor 100 al-
so includes on-chip interface module 110. Historically, a
memory controller, which is described in more detail be-
low, has been included in a computing system external
to processor 100. In this scenario, on-chip interface 11
is to communicate with devices external to processor
100, such as system memory 175, a chipset (often in-
cluding a memory controller hub to connect to memory
175 and an I/O controller hub to connect peripheral de-
vices), a memory controller hub, a northbridge, or other
integrated circuit. And in this scenario, bus 105 may in-
clude any known interconnect, such as multi-drop bus,
a point-to-point interconnect, a serial interconnect, a par-
allel bus, a coherent (e.g. cache coherent) bus, a layered
protocol architecture, a differential bus, and a GTL bus.
[0022] Memory 175 may be dedicated to processor
100 or shared with other devices in a system. Common
examples of types of memory 175 include DRAM, SRAM,
non-volatile memory (NV memory), and other known
storage devices. Note that device 180 may include a
graphic accelerator, processor or card coupled to a mem-
ory controller hub, data storage coupled to an I/O con-
troller hub, a wireless transceiver, a flash device, an audio
controller, a network controller, or other known device.
[0023] Recently however, as more logic and devices
are being integrated on a single die, such as SOC, each
of these devices may be incorporated on processor 100.
For example in one embodiment, a memory controller
hub is on the same package and/or die with processor
100. Here, a portion of the core (an on-core portion) 110
includes one or more controller(s) for interfacing with oth-
er devices such as memory 175 or a graphics device
180. The configuration including an interconnect and
controllers for interfacing with such devices is often re-
ferred to as an on-core (or un-core configuration). As an
example, on-chip interface 110 includes a ring intercon-
nect for on-chip communication and a high-speed serial
point-to-point link 105 for off-chip communication. Yet, in
the SOC environment, even more devices, such as the
network interface, co-processors, memory 175, graphics
processor 180, and any other known computer devic-
es/interface may be integrated on a single die or integrat-
ed circuit to provide small form factor with high function-
ality and low power consumption.
[0024] In one embodiment, processor 100 is capable
of executing a compiler, optimization, and/or translator
code 177 to compile, translate, and/or optimize applica-
tion code 176 to support the apparatus and methods de-
scribed herein or to interface therewith. A compiler often
includes a program or set of programs to translate source
text/code into target text/code. Usually, compilation of
program/application code with a compiler is done in mul-
tiple phases and passes to transform hi-level program-
ming language code into low-level machine or assembly
language code. Yet, single pass compilers may still be
utilized for simple compilation. A compiler may utilize any
known compilation techniques and perform any known
compiler operations, such as lexical analysis, preproc-

essing, parsing, semantic analysis, code generation,
code transformation, and code optimization.
[0025] Larger compilers often include multiple phases,
but most often these phases are included within two gen-
eral phases: (1) a front-end, i.e. generally where syntactic
processing, semantic processing, and some transforma-
tion/optimization may take place, and (2) a back-end, i.e.
generally where analysis, transformations, optimiza-
tions, and code generation takes place. Some compilers
refer to a middle, which illustrates the blurring of deline-
ation between a front-end and back end of a compiler.
As a result, reference to insertion, association, genera-
tion, or other operation of a compiler may take place in
any of the aforementioned phases or passes, as well as
any other known phases or passes of a compiler. As an
illustrative example, a compiler potentially inserts oper-
ations, calls, functions, etc. in one or more phases of
compilation, such as insertion of calls/operations in a
front-end phase of compilation and then transformation
of the calls/operations into lower-level code during a
transformation phase. Note that during dynamic compi-
lation, compiler code or dynamic optimization code may
insert such operations/calls, as well as optimize the code
for execution during runtime. As a specific illustrative ex-
ample, binary code (already compiled code) may be dy-
namically optimized during runtime. Here, the program
code may include the dynamic optimization code, the bi-
nary code, or a combination thereof.
[0026] Similar to a compiler, a translator, such as a
binary translator, translates code either statically or dy-
namically to optimize and/or translate code. Therefore,
reference to execution of code, application code, pro-
gram code, or other software environment may refer to:
(1) execution of a compiler program(s), optimization code
optimizer, or translator either dynamically or statically, to
compile program code, to maintain software structures,
to perform other operations, to optimize code, or to trans-
late code; (2) execution of main program code including
operations/calls, such as application code that has been
optimized/compiled; (3) execution of other program
code, such as libraries, associated with the main program
code to maintain software structures, to perform other
software related operations, or to optimize code; or (4) a
combination thereof.
[0027] One interconnect fabric architecture includes
the PCIe architecture. A primary goal of PCIe is to enable
components and devices from different vendors to inter-
operate in an open architecture, spanning multiple mar-
ket segments; Clients (Desktops and Mobile), Servers
(Standard and Enterprise), and Embedded and Commu-
nication devices. PCI Express is a high performance,
general purpose I/O interconnect defined for a wide va-
riety of future computing and communication platforms.
Some PCI attributes, such as its usage model, load-store
architecture, and software interfaces, have been main-
tained through its revisions, whereas previous parallel
bus implementations have been replaced by a highly
scalable, fully serial interface. The more recent versions
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of PCI Express take advantage of advances in point-to-
point interconnects, Switch-based technology, and pack-
etized protocol to deliver new levels of performance and
features. Power Management, Quality Of Service (QoS),
Hot-Plug/Hot- Swap support, Data Integrity, and Error
Handling are among some of the advanced features sup-
ported by PCI Express.
[0028] Referring to FIG. 2, an embodiment of a fabric
composed of point-to-point Links that interconnect a set
of components is illustrated. System 200 includes proc-
essor 205 and system memory 210 coupled to controller
hub 215. Processor 205 includes any processing ele-
ment, such as a microprocessor, a host processor, an
embedded processor, a co-processor, or other proces-
sor. Processor 205 is coupled to controller hub 215
through front-side bus (FSB) 206. In one embodiment,
FSB 206 is a serial point-to-point interconnect as de-
scribed below. In another embodiment, link 206 includes
a serial, differential interconnect architecture that is com-
pliant with different interconnect standard.
[0029] System memory 210 includes any memory de-
vice, such as random access memory (RAM), non-vola-
tile (NV) memory, or other memory accessible by devices
in system 200. System memory 210 is coupled to con-
troller hub 215 through memory interface 216. Examples
of a memory interface include a double-data rate (DDR)
memory interface, a dual-channel DDR memory inter-
face, and a dynamic RAM (DRAM) memory interface.
[0030] In one embodiment, controller hub 215 is a root
hub, root complex, or root controller in a Peripheral Com-
ponent Interconnect Express (PCIe or PCIE) intercon-
nection hierarchy. Examples of controller hub 215 include
a chipset, a memory controller hub (MCH), a northbridge,
an interconnect controller hub (ICH) a southbridge, and
a root controller/hub. Often the term chipset refers to two
physically separate controller hubs, i.e. a memory con-
troller hub (MCH) coupled to an interconnect controller
hub (ICH). Note that current systems often include the
MCH integrated with processor 205, while controller 215
is to communicate with I/O devices, in a similar manner
as described below. In some embodiments, peer-to-peer
routing is optionally supported through root complex 215.
[0031] Here, controller hub 215 is coupled to
switch/bridge 220 through serial link 219. Input/output
modules 217 and 221, which may also be referred to as
interfaces/ports 217 and 221, include/implement a lay-
ered protocol stack to provide communication between
controller hub 215 and switch 220. In one embodiment,
multiple devices are capable of being coupled to switch
220.
[0032] Switch/bridge 220 routes packets/messages
from device 225 upstream, i.e. up a hierarchy towards a
root complex, to controller hub 215 and downstream, i.e.
down a hierarchy away from a root controller, from proc-
essor 205 or system memory 210 to device 225. Switch
220, in one embodiment, is referred to as a logical as-
sembly of multiple virtual PCI-to-PCI bridge devices. De-
vice 225 includes any internal or external device or com-

ponent to be coupled to an electronic system, such as
an I/O device, a Network Interface Controller (NIC), an
add-in card, an audio processor, a network processor, a
hard-drive, a storage device, a CD/DVD ROM, a monitor,
a printer, a mouse, a keyboard, a router, a portable stor-
age device, a Firewire device, a Universal Serial Bus
(USB) device, a scanner, and other input/output devices.
Often in the PCIe vernacular, such as device, is referred
to as an endpoint. Although not specifically shown, de-
vice 225 may include a PCIe to PCI/PCI-X bridge to sup-
port legacy or other version PCI devices. Endpoint de-
vices in PCIe are often classified as legacy, PCIe, or root
complex integrated endpoints.
[0033] Graphics accelerator 230 is also coupled to con-
troller hub 215 through serial link 232. In one embodi-
ment, graphics accelerator 230 is coupled to an MCH,
which is coupled to an ICH. Switch 220, and accordingly
I/O device 225, is then coupled to the ICH. I/O modules
231 and 218 are also to implement a layered protocol
stack to communicate between graphics accelerator 230
and controller hub 215. Similar to the MCH discussion
above, a graphics controller or the graphics accelerator
230 itself may be integrated in processor 205.
[0034] Turning to FIG. 3 an embodiment of a layered
protocol stack is illustrated. Layered protocol stack 300
includes any form of a layered communication stack,
such as a Quick Path Interconnect (QPI) stack, a PCIe
stack, a next generation high performance computing in-
terconnect stack, or other layered stack. Although the
discussion immediately below in reference to Figures 2-5
are in relation to a PCIe stack, the same concepts may
be applied to other interconnect stacks. In one embodi-
ment, protocol stack 300 is a PCIe protocol stack includ-
ing transaction layer 305, link layer 310, and physical
layer 320. An interface may be represented as commu-
nication protocol stack 300. Representation as a com-
munication protocol stack may also be referred to as a
module or interface implementing/including a protocol
stack.
[0035] PCI Express uses packets to communicate in-
formation between components. Packets are formed in
the Transaction Layer 305 and Data Link Layer 310 to
carry the information from the transmitting component to
the receiving component. As the transmitted packets flow
through the other layers, they are extended with addi-
tional information necessary to handle packets at those
layers. At the receiving side the reverse process occurs
and packets get transformed from their Physical Layer
320 representation to the Data Link Layer 310 represen-
tation and finally (for Transaction Layer Packets) to the
form that can be processed by the Transaction Layer 305
of the receiving device.
[0036] In one embodiment, transaction layer 305 is to
provide an interface between a device’s processing core
and the interconnect architecture, such as data link layer
310 and physical layer 320. In this regard, a primary re-
sponsibility of the transaction layer 305 is the assembly
and disassembly of packets (i.e., transaction layer pack-
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ets, or TLPs). The translation layer 305 typically manages
credit-base flow control for TLPs. PCIe implements split
transactions, i.e. transactions with request and response
separated by time, allowing a link to carry other traffic
while the target device gathers data for the response.
[0037] In addition PCIe utilizes credit-based flow con-
trol. In this scheme, a device advertises an initial amount
of credit for each of the receive buffers in Transaction
Layer 305. An external device at the opposite end of the
link, such as controller hub, counts the number of credits
consumed by each TLP. A transaction may be transmit-
ted if the transaction does not exceed a credit limit. Upon
receiving a response an amount of credit is restored. An
advantage of a credit scheme is that the latency of credit
return does not affect performance, provided that the
credit limit is not encountered.
[0038] In one embodiment, four transaction address
spaces include a configuration address space, a memory
address space, an input/output address space, and a
message address space. Memory space transactions in-
clude one or more of read requests and write requests
to transfer data to/from a memory-mapped location. In
one embodiment, memory space transactions are capa-
ble of using two different address formats, e.g., a short
address format, such as a 32-bit address, or a long ad-
dress format, such as 64-bit address. Configuration
space transactions are used to access configuration
space of the PCIe devices. Transactions to the configu-
ration space include read requests and write requests.
Message space transactions (or, simply messages) are
defined to support in-band communication between PCIe
agents.
[0039] Therefore, in one embodiment, transaction lay-
er 305 assembles packet header/payload 306. Format
for current packet headers/payloads may be found in the
PCIe specification at the PCIe specification website.
[0040] Quickly referring to FIG. 4, an embodiment of a
PCIe transaction descriptor is illustrated. In one embod-
iment, transaction descriptor 400 is a mechanism for car-
rying transaction information. In this regard, transaction
descriptor 400 supports identification of transactions in
a system. Other potential uses include tracking modifi-
cations of default transaction ordering and association
of transaction with channels.
[0041] Transaction descriptor 400 includes global
identifier field 402, attributes field 404 and channel iden-
tifier field 406. In the illustrated example, global identifier
field 402 is depicted comprising local transaction identi-
fier field 408 and source identifier field 410. In one em-
bodiment, global transaction identifier 402 is unique for
all outstanding requests.
[0042] According to one implementation, local trans-
action identifier field 408 is a field generated by a request-
ing agent, and it is unique for all outstanding requests
that require a completion for that requesting agent. Fur-
thermore, in this example, source identifier 410 uniquely
identifies the requestor agent within a PCIe hierarchy.
Accordingly, together with source ID 410, local transac-

tion identifier 408 field provides global identification of a
transaction within a hierarchy domain.
[0043] Attributes field 404 specifies characteristics and
relationships of the transaction. In this regard, attributes
field 404 is potentially used to provide additional infor-
mation that allows modification of the default handling of
transactions. In one embodiment, attributes field 404 in-
cludes priority field 412, reserved field 414, ordering field
416, and no-snoop field 418. Here, priority sub-field 412
may be modified by an initiator to assign a priority to the
transaction. Reserved attribute field 414 is left reserved
for future, or vendor-defined usage. Possible usage mod-
els using priority or security attributes may be implement-
ed using the reserved attribute field.
[0044] In this example, ordering attribute field 416 is
used to supply optional information conveying the type
of ordering that may modify default ordering rules. Ac-
cording to one example implementation, an ordering at-
tribute of "0" denotes default ordering rules are to apply,
wherein an ordering attribute of "1" denotes relaxed or-
dering, wherein writes can pass writes in the same direc-
tion, and read completions can pass writes in the same
direction. Snoop attribute field 418 is utilized to determine
if transactions are snooped. As shown, channel ID Field
406 identifies a channel that a transaction is associated
with.
[0045] Link layer 310, also referred to as data link layer
310, acts as an intermediate stage between transaction
layer 305 and the physical layer 320. In one embodiment,
a responsibility of the data link layer 310 is providing a
reliable mechanism for exchanging Transaction Layer
Packets (TLPs) between two components a link. One
side of the Data Link Layer 310 accepts TLPs assembled
by the Transaction Layer 305, applies packet sequence
identifier 311, i.e. an identification number or packet
number, calculates and applies an error detection code,
i.e. CRC 312, and submits the modified TLPs to the Phys-
ical Layer 320 for transmission across a physical to an
external device.
[0046] In one embodiment, physical layer 320 includes
logical sub block 321 and electrical sub-block 322 to
physically transmit a packet to an external device. Here,
logical sub-block 321 is responsible for the "digital" func-
tions of Physical Layer 321. In this regard, the logical
sub-block includes a transmit section to prepare outgoing
information for transmission by physical sub-block 322,
and a receiver section to identify and prepare received
information before passing it to the Link Layer 310.
[0047] Physical block 322 includes a transmitter and a
receiver. The transmitter is supplied by logical sub-block
321 with symbols, which the transmitter serializes and
transmits onto to an external device. The receiver is sup-
plied with serialized symbols from an external device and
transforms the received signals into a bit-stream. The bit-
stream is de-serialized and supplied to logical sub-block
321. In one embodiment, an 8b/10b transmission code
is employed, where ten-bit symbols are transmitted/re-
ceived. Here, special symbols are used to frame a packet
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with frames 323. In addition, in one example, the receiver
also provides a symbol clock recovered from the incom-
ing serial stream.
[0048] As stated above, although transaction layer
305, link layer 310, and physical layer 320 are discussed
in reference to a specific embodiment of a PCIe protocol
stack, a layered protocol stack is not so limited. In fact,
any layered protocol may be included/implemented. As
an example, an port/interface that is represented as a
layered protocol includes: (1) a first layer to assemble
packets, i.e. a transaction layer; a second layer to se-
quence packets, i.e. a link layer; and a third layer to trans-
mit the packets, i.e. a physical layer. As a specific exam-
ple, a QPI layered protocol is utilized.
[0049] Referring next to FIG. 5, an embodiment of a
PCIe serial point to point fabric is illustrated. Although an
embodiment of a PCIe serial point-to-point link is illus-
trated, a serial point-to-point link is not so limited, as it
includes any transmission path for transmitting serial da-
ta. In the embodiment shown, a basic PCIe link includes
two, low-voltage, differentially driven signal pairs: a trans-
mit pair 506/511 and a receive pair 512/507. Accordingly,
device 505 includes transmission logic 506 to transmit
data to device 510 and receiving logic 507 to receive data
from device 510. In other words, two transmitting paths,
i.e. paths 516 and 517, and two receiving paths, i.e. paths
518 and 515, are included in a PCIe link.
[0050] A transmission path refers to any path for trans-
mitting data, such as a transmission line, a copper line,
an optical line, a wireless communication channel, an
infrared communication link, or other communication
path. A connection between two devices, such as device
505 and device 510, is referred to as a link, such as link
415. A link may support one lane - each lane representing
a set of differential signal pairs (one pair for transmission,
one pair for reception). To scale bandwidth, a link may
aggregate multiple lanes denoted by xN, where N is any
supported Link width, such as 1, 2, 4, 8, 12, 16, 32, 64,
or wider.
[0051] A differential pair refers to two transmission
paths, such as lines 516 and 517, to transmit differential
signals. As an example, when line 516 toggles from a
low voltage level to a high voltage level, i.e., a rising edge,
line 517 drives from a high logic level to a low logic level,
i.e. a falling edge. Differential signals potentially demon-
strate better electrical characteristics, such as better sig-
nal integrity, i.e., cross-coupling, voltage overshoot/un-
dershoot, ringing, etc. This allows for better timing win-
dow, which enables faster transmission frequencies.
[0052] Turning next to FIG. 6, an embodiment of a SoC
design in accordance with an embodiment is depicted.
As a specific illustrative example, SoC 2000 is included
in user equipment (UE). In one embodiment, UE refers
to any device to be used by an end-user to communicate,
such as a hand-held phone, smartphone, tablet, ultrathin
notebook, notebook with broadband adapter, or any oth-
er similar communication device. Often a UE connects
to a base station or node, which potentially corresponds

in nature to a mobile station (MS) in a GSM network.
[0053] Here, SoC 2000 includes 2 cores-2006 and
2007. Similar to the discussion above, cores 2006 and
2007 may conform to an Instruction Set Architecture,
such as an Intel® Architecture Core™-based processor,
an Advanced Micro Devices, Inc. (AMD) processor, a
MIPS-based processor, an ARM-based processor de-
sign, or a customer thereof, as well as their licensees or
adopters. Cores 2006 and 2007 are coupled to cache
control 2008 that is associated with bus interface unit
2009 and L2 cache 2010 to communicate with other parts
of system 2000. Interconnect 2010 includes an on-chip
interconnect, such as an IOSF, AMBA, or other intercon-
nect discussed above, which potentially implements one
or more aspects of the described herein.
[0054] Interconnect 2010 provides communication
channels to the other components, such as a Subscriber
Identity Module (SIM) 2030 to interface with a SIM card,
a boot ROM 2035 to hold boot code for execution by
cores 2006 and 2007 to initialize and boot SOC 2000, a
SDRAM controller 2040 to interface with external mem-
ory (e.g. DRAM 2060), a flash controller 2045 to interface
with non-volatile memory (e.g. Flash 2065), a peripheral
controller 2050 (e.g. Serial Peripheral Interface) to inter-
face with peripherals, video codecs 2020 and Video in-
terface 2025 to display and receive input (e.g. touch en-
abled input), GPU 2015 to perform graphics related com-
putations, etc. Any of these interfaces may incorporate
aspects described herein.
[0055] In addition, the system illustrates peripherals for
communication, such as a Bluetooth module 2070, 3G
modem 2075, GPS 2080, and WiFi 2085. Also included
in the system is a power controller 2055. Note as stated
above, a UE includes a radio for communication. As a
result, these peripheral communication modules are not
all required. However, in a UE some form a radio for
external communication is to be included.
[0056] In various embodiments, at least portions of cir-
cuitry of one or more devices coupled by way of a given
interconnect may be power controlled (e.g., power gated)
when it is determined by configuration of the device that
such circuitry will be unused. As an example of the em-
bodiments described herein, circuitry associated with
one or more virtual channels that provide communication
via the interconnect can be placed in a power down state
(e.g., by not providing an operating voltage to such cir-
cuitry) when it is determined by configuration of a system
that such virtual channels will not be used for communi-
cation. Of course, embodiments are not limited to this
example, and the techniques described herein apply
equally to power control of other circuitry.
[0057] FIG. 7 is a block diagram of a system in accord-
ance with an embodiment of the present invention. As
shown in FIG. 7, system 700 is an implementation of a
PCIe™ system having various devices coupled to a
switch 720. Each of the devices couples to switch 720
by a corresponding link (respectively Links 1 - 4). Note
that each of the links may have different characteristics
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and operating parameters, in an embodiment.
[0058] As examples, devices 730, 740 and 750 may
be different types of peripheral devices. As one such ex-
ample, device 730 may be a graphics accelerator device,
device 740 may be a storage device, and device 750 may
be another type of portable device, e.g., a capture device.
Switch 720 further couples to a root complex 710 by an-
other link (Link 4). As one example, root complex 710
may be a main data processor of the system, such as a
multi-core processor. Of course other examples of com-
plexes are possible.
[0059] Referring particularly to the connection be-
tween switch 720 and device 730, note that varying num-
bers of virtual channels are provided in the different de-
vices. As seen, switch 720 includes 8 virtual channels in
this example, each with a corresponding hardware buffer
in a link interface 725. Instead, device 730 includes only
4 virtual channels and thus has a link interface 735 in-
cluding only 4 hardware buffers. Because these devices
have disparate numbers of virtual channels and buffers,
at least some of the buffers within link interface 725 of
switch 720 will not be used. Accordingly, using an em-
bodiment of the present invention, these buffers may be
disabled in hardware so that power consumption is avoid-
ed for these buffers. While shown with this particular im-
plementation in the embodiment of FIG. 7, understand
that many variations are possible.
[0060] Referring now to FIG. 8, shown is a flow diagram
of a configuration method in accordance with an embod-
iment of the present invention. In a particular embodi-
ment, method 800 may be performed during device ini-
tialization by configuration logic of devices coupled to-
gether via a link. Furthermore, the method may also be
performed dynamically whenever there is any change to
a device or to hardware coupled to a device via a link.
For example if a new device is coupled to an endpoint,
the link will retrain and configuration logic will re-assign
certain determined values accordingly. With reference to
FIG. 8, method 800 begins by reading an extended VC
count field of a configuration storage, both of a local de-
vice or endpoint and of a remote device or endpoint lo-
cated at the far end of a link that couples these 2 devices
(block 810 and block 820). In one embodiment, this ex-
tended VC count field may be stored in a storage of the
corresponding device, e.g., within a PCIe™ configuration
space. Assume for purposes of discussion that the local
device (Endpoint 1) corresponds to switch 720 of FIG. 7
and that the remote device (Endpoint 2) corresponds to
device 730 of FIG. 7.
[0061] With the above stated representation (with 8 vir-
tual channels and buffers present in switch 720 and 4
virtual channels and buffers present in device 730), the
value returned for the extended VC count field from
switch device 720 will be 8 and the value returned from
device 730 will be 4. More particularly in an embodiment
in which this count field is a 3-bit field, a value of zero
corresponds to a single virtual channel supported (e.g.,
VC0) and values 1 - 7 of this 3-bit binary value correspond

to the additional number of supported VCs. Thus in this
embodiment, the extended VC count field for switch 720
has a value of 111b and the extended VC count field for
device 730 has a count of 011b. Of course other repre-
sentations are possible.
[0062] Still with reference to FIG. 8, next control passes
to diamond 830 where it can be determined whether the
VC count for the local device is greater than the VC count
for the remote device. If so, control passes to block 835
where a link maximum VC value may be set to the ex-
tended VC count field from the remote device. Note that
this link maximum VC value or VC ID value corresponds
to a minimum value for the extended VC count field of
connected endpoints. And thus in this instance, this link
maximum VC value is set to a value of 011b.
[0063] However, if this is not the case, control passes
instead from diamond 830 to diamond 840 where it can
be determined whether the VC count for the local device
equals the VC count for the remote device. If so, control
passes to block 845 where the link maximum VC value
may be set to the extended VC count field from the local
device. Otherwise, control passes to diamond 850 where
it is determined whether the VC count for the local device
is less than the VC count for the remote device. In this
case, control passes to block 855 where the link maxi-
mum VC value may be set to the extended VC count field
from the local device.
[0064] Regardless of the link maximum VC value set
in one of blocks 835, 845 and 855, control passes next
to block 860, where a configuration storage such as a
table storage having these link maximum VC values may
be accessed. More specifically, by accessing this table
another representation of the selected link maximum VC
value can be obtained. As will be shown further with re-
gard to FIG. 9A, the table may include a plurality of entries
that each provide a 3-bit representation of a maximum
link VC value and a corresponding 8-bit representation
of the same value. And thus control passes to block 870
where individual bits of the accessed entry may be ob-
tained, where each bit corresponds to one of the available
number of virtual channels and represents an enabled
state of a corresponding hardware buffer. That is, in an
example a logic one value indicates an active buffer and
accordingly a corresponding enabled state, and a logic
zero value indicates an inactive buffer and accordingly a
corresponding disabled state. Of course other represen-
tations are possible.
[0065] Now referring to FIG. 9A, shown is a block dia-
gram of a configuration storage in accordance with an
embodiment. As shown in FIG. 9A, storage 900 may be
present in a desired location within a system, e.g., in a
separate non-volatile storage. Or a copy of the informa-
tion in configuration storage 900 may be present, e.g., in
a configuration space of each of the devices of the sys-
tem. Still further embodiments may store this information
in yet another location such as external registers or a
read only memory. As seen, storage 900 includes a plu-
rality of entries 9100 - 910n. Each entry includes a first
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field 920 and a second field 930. First field 920 may cor-
respond to the maximum link VC value and thus is used
as an addressable means for accessing a selected entry
of storage 900. In turn, second field 930 provides a cor-
responding 8-bit representation of the maximum link VC
value. In an embodiment, the 8-bit value mapped from
the VC ID may be such that each bit corresponds to a
virtual channel buffer of that endpoint or other lane map-
ping of the endpoint; e.g., bit 0 maps to VC0, bit 1 maps
to VC1 and finally bit 7 maps to VC7. In this embodiment,
a binary 1 is indicative of a ’powered on’ state, whereas
0 indicates ’powered off’. In an embodiment these states
are then driven to voltage control circuitry of each buffer
to control provision of an operating voltage to the buffer
(or alternately to not provide the operating voltage).
[0066] Next referring to FIG. 9B, shown is a selected
entry 910x obtained from the table and its use to control
provision of an operating voltage to corresponding hard-
ware buffers of a device. More specifically FIG. 9B shows
a set of AND gates 9500 - 950n. Each of these logic gates
is configured to receive a corresponding bit from the se-
lected entry and a corresponding operating voltage, e.g.,
obtained from an off-chip voltage regulator. Of course
the operating voltage may be received instead from other
locations, either on or off-chip. When a given bit is of a
logic high value, the AND gate is active and thus the
operating voltage is provided to the corresponding hard-
ware buffer. Otherwise, the AND gate does not pass the
operating voltage to the buffer, and the buffer is disabled
during normal operation, thus reducing power consump-
tion. Although shown at this high level in the embodiment
of FIG. 9B, understand that variations are possible.
[0067] Referring now to FIG. 10, shown is a block di-
agram of a portion of a system in accordance with an
embodiment. As shown in FIG. 10, system 1000 may
include various components. For purposes of discussion
here, shown are simply two components, namely a de-
vice 1010, which may be any type of integrated circuit
coupled to another circuit (not shown) via a link 1005,
and a non-volatile storage 1080 coupled via a link 1090.
In the embodiment shown, link 1005 may be a PCIe™
link having unidirectional serial links in a transmit direc-
tion and a receive direction.
[0068] Device 1010 may be any type of device, includ-
ing root complex, switch, peripheral device or so forth.
Just portions of device 1010 are shown for ease of illus-
tration. More specifically, a set of receive buffers 10250-
1025n are provided. These hardware buffers each may
correspond to a given virtual channel VC0-VCn. In addi-
tion, a set of transmit buffers 10200-1020n are also pro-
vided, again where each buffer is associated with a par-
ticular virtual channel. Note that various traffic classes
(TCs) may be assigned to be routed through given VCs
and corresponding hardware buffers. Using an embodi-
ment of the present invention, only enabled ones of these
virtual channel hardware buffers are provided with an
operating voltage via a gate logic 1060 that in turn re-
ceives control information from a configuration logic

1050, details of which are discussed further below.
[0069] Still with reference to device 1010, buffers 1020
and 1025 may communicate with other circuitry of a phys-
ical layer (not shown for ease of illustration in FIG. 10.
From there, communication may proceed with a link logic
1030 to perform various link layer processing. Thereafter,
communication may proceed with a transaction logic
1035 which may perform transaction layer processing.
Thereafter, communications may occur with a core logic
1040, which may be the main logic circuitry of device
1010. For example, in the context of a multi-core proc-
essor, core logic 1040 may be one or more processor
cores or other processing units. As another example
where device 1010 is a graphics accelerator device, core
logic 1040 may be a graphics processing unit.
[0070] Also shown in FIG. 10 is a configuration logic
1050 which may be hardware, software and/or firmware
(or combinations thereof) used to perform configuration
operations when system 1000 is powered on, when de-
vice 1010 is reset, or when other dynamic changes occur
during operation. In an embodiment, configuration logic
1050 may include logic to perform the power manage-
ment control described herein. Thus in the embodiment
shown in FIG. 10, configuration logic 1050 includes a
power management logic 1055 that may be configured
to execute a method such as method 800 discussed
above.
[0071] To this end, configuration logic 1050 may com-
municate with a configuration storage 1070. In various
embodiments, configuration storage 1070 may be a non-
volatile storage of device 1010 that includes a PCIe™
configuration storage space. Amongst the various con-
figuration information stored here is an extended VC
count field 1075, such as described herein. Of course
understand that additional configuration information is al-
so stored within storage 1070.
[0072] In a particular embodiment, a mapping table
that associates a 3-bit maximum VC count value with a
corresponding 8-bit value may be provided. Of course,
depending on the amount of possible virtual channels,
hardware buffers, or other circuitry to be controlled, the
number of coded bits and individual bit representations
may vary. In the embodiment shown, separate non-vol-
atile storage 1080 may include a mapping table 1085.
Mapping table 1085 may thus associate a maximum VC
count value to lane mappings. Stated another way, an
indication of the number of the maximum number of sup-
ported virtual channels may be mapped to a correspond-
ing set of enable indicators that can be used to control
whether an operating voltage is provided to one or more
hardware buffers, each associated with a corresponding
virtual channel. Of course while discussed in this embod-
iment as controlling hardware buffers based on enabled
virtual channels, understand that additional hardware
within a device may similarly be controlled. As an exam-
ple, such additional hardware that may be controlled on
a lane-by-lane or virtual channel basis may include a
graphics card, a daughter card such as a USB-to-PCIe™
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or SATA-to-PCIe™ card, or other such device.
[0073] Embodiments thus enable unused hardware
such as VC hardware buffers to be powered down under
configuration control, e.g., by configuration logic. In this
way, system power may be reduced as only hardware
that is actually used is powered on.
[0074] The following examples pertain to further em-
bodiments.
[0075] In an example, an apparatus comprises: a plu-
rality of hardware buffers each to store information as-
sociated with one or more virtual channels; a configura-
tion logic to determine an identifier corresponding to a
maximum number of virtual channels commonly support-
ed by a first device and a second device coupled via a
link and to obtain a control value based on the identifier;
and a gate logic to provide an operating voltage to cor-
responding ones of the plurality of hardware buffers
based on the control value.
[0076] The gate logic may be configured to prevent
provision of the operating voltage to at least one of the
plurality of hardware buffers when the maximum number
of virtual channels is less than the plurality of hardware
buffers, in an embodiment.
[0077] In an example, the configuration logic is to de-
termine the maximum number of virtual channels based
on a first virtual channel count associated with the first
device and a second virtual channel count associated
with the second device.
[0078] In an example, the configuration logic is to ob-
tain the first virtual channel count from a virtual channel
count field of a configuration storage of the first device
and to obtain the second virtual channel count from a
virtual channel count field of a configuration storage of
the second device.
[0079] In an example, the gate logic includes a plurality
of logic circuits each to receive a bit of the control value
and the operating voltage and to provide the operating
voltage to one of the plurality of hardware buffers based
on a value of the bit.
[0080] In an example, a non-volatile storage includes
a mapping table having a plurality of entries each to as-
sociate an identifier with a control value may be coupled
to the apparatus. In an embodiment, the configuration
logic is to obtain the control value from an entry of the
mapping table accessed using the identifier. The control
value may include a plurality of bits each associated with
one of the plurality of hardware buffers, each of the bits
of a first state to indicate that the associated hardware
buffer is to be enabled and of a second state to indicate
that the associated hardware buffer is to be disabled.
[0081] In an example, the first device comprises a con-
figuration storage to store a count of the maximum
number of virtual channels supported by the first device
and to further store a copy of one or more entries of the
mapping table. In an embodiment, the non-volatile stor-
age is a separate component from the first device and
coupled to the first device via a second link.
[0082] Note that the above device can be implemented

using various means.
[0083] In an example, a processor comprises a system
on a chip (SoC) incorporated in a user equipment touch-
enabled device.
[0084] In another example, a system comprises a dis-
play and a memory, and includes the device of one or
more of the above examples.
[0085] In another example, a method comprises: de-
termining a common number of virtual channels support-
able by a first endpoint and a second endpoint coupled
via a link; accessing a storage using the common number
of virtual channels to obtain a control setting correspond-
ing to the common number of virtual channels; and pro-
viding an operating voltage to selected first hardware
buffers of the first endpoint and selected second hard-
ware buffers of the second endpoint based on the control
setting.
[0086] In an example, providing the operating voltage
includes providing the operating voltage to the selected
first and second hardware buffers, and not providing the
operating voltage to unselected first hardware buffers
and unselected second hardware buffers.
[0087] In an example, the method further comprises
communicating data between the first endpoint and the
second endpoint using the selected first hardware buffers
and the selected second hardware buffers.
[0088] In an example, the method further comprises
accessing, during configuration of the link, the storage
using the common number of virtual channels, wherein
the storage is separate from the first and second end-
points and includes a plurality of entries each to store a
common number of virtual channels and a control setting.
[0089] In an example, the method further comprises
responsive to re-configuration of the link: determining a
second common number of virtual channels supportable
by the first and second endpoints; accessing the storage
using the second common number of virtual channels to
obtain a second control setting; and providing the oper-
ating voltage to different ones of the first hardware buffers
than the selected first hardware buffers and to different
ones of the second hardware buffers than the selected
second hardware buffers based on the second control
setting.
[0090] In another example, a computer readable me-
dium including instructions is to perform the method of
any of the above examples.
[0091] In another example, an apparatus comprises
means for performing the method of any one of the above
examples.
[0092] In yet another example, an apparatus compris-
es: a first link interface to interface the apparatus to a link
coupled between the apparatus and a second device,
the first link interface including a plurality of independent
circuits each to communicate data of a corresponding
traffic class; a first configuration storage to store a max-
imum supportable value corresponding to the number of
the plurality of independent circuits; a configuration logic
to determine a link maximum value corresponding to a
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minimum of the maximum supportable value stored in
the first configuration storage and a maximum support-
able value stored in a second configuration storage of
the second device and to obtain a different representation
of the link maximum value; and a control circuit to enable
a first set of the plurality of independent circuits and to
disable a second set of the plurality of independent cir-
cuits responsive to the different representation, when the
link maximum value is less than a number of the plurality
of independent circuits.
[0093] In an example, the maximum supportable value
stored in the first configuration storage further corre-
sponds to a virtual channel count value for the apparatus.
[0094] In an example, a non-volatile storage coupled
to the apparatus includes a mapping table having a plu-
rality of entries each to associate a link maximum value
with a different representation of the link maximum value.
The mapping table may be accessed using the link max-
imum value determined by the configuration logic.
[0095] In an example, the different representation in-
cludes a plurality of bits each associated with one of the
plurality of independent circuits, each of the bits of a first
state to indicate that the associated independent circuit
is to be enabled and of a second state to indicate that
the associated independent circuit is to be disabled.
[0096] In an example, the control circuit includes a plu-
rality of logic circuits each to receive a bit of the plurality
of bits of the different representation and an operating
voltage from a voltage regulator and to provide the op-
erating voltage to one of the plurality of independent cir-
cuits based on a value of the bit.
[0097] In an example, the plurality of independent cir-
cuits each comprises a hardware buffer associated with
a virtual channel.
[0098] In a still further example, a system comprises:
a first device including a first link interface having a first
plurality of hardware buffers each to store information
associated with one or more virtual channels and a sec-
ond device coupled to the first device via a link. In an
embodiment, the second device includes: a second link
interface having a second plurality of hardware buffers
each to store information associated with one or more of
the virtual channels, where there are more of the second
plurality of hardware buffers than the first plurality of hard-
ware buffers; a controller to determine a maximum
number of virtual channels commonly supported by the
first and second devices, the maximum number corre-
sponding to the number of the plurality of first hardware
buffers and to obtain a control value based on the max-
imum number; and a gate logic to enable less than all of
the plurality of second hardware buffers responsive to
the control value.
[0099] In an example, the first device comprises a first
configuration storage including a first maximum virtual
channel count, and the second device comprises a sec-
ond configuration storage including a second maximum
virtual channel count.
[0100] In an example, the controller is to determine the

maximum number of commonly supported virtual chan-
nels using the first maximum virtual channel count and
the second maximum virtual channel count.
[0101] In an example, a non-volatile storage includes
a mapping table having a plurality of entries each to as-
sociate a maximum number of commonly supported vir-
tual channels.
[0102] In an example, the controller may obtain the
control value from an entry of the mapping table accessed
using the determined maximum number of commonly
supported virtual channels. The control value includes a
plurality of bits each associated with one of the second
plurality of hardware buffers, each of the bits of a first
state to indicate that the associated second hardware
buffer is to be enabled and of a second state to indicate
that the associated second hardware buffer is to be dis-
abled, in an embodiment.
[0103] In an example, the gate logic includes a plurality
of logic circuits each to receive a bit of the control value
and an operating voltage and to provide the operating
voltage to one of the plurality of second hardware buffers
based on a value of the bit.
[0104] Understand that various combinations of the
above examples are possible.
[0105] Embodiments may be used in many different
types of systems. For example, in one embodiment a
communication device can be arranged to perform the
various methods and techniques described herein. Of
course, the scope of the present invention is not limited
to a communication device, and instead other embodi-
ments can be directed to other types of apparatus for
processing instructions, or one or more machine reada-
ble media including instructions that in response to being
executed on a computing device, cause the device to
carry out one or more of the methods and techniques
described herein.
[0106] Embodiments may be implemented in code and
may be stored on a non-transitory storage medium hav-
ing stored thereon instructions which can be used to pro-
gram a system to perform the instructions. The storage
medium may include, but is not limited to, any type of
disk including floppy disks, optical disks, solid state drives
(SSDs), compact disk read-only memories (CD-ROMs),
compact disk rewritables (CD-RWs), and magneto-opti-
cal disks, semiconductor devices such as read-only
memories (ROMs), random access memories (RAMs)
such as dynamic random access memories (DRAMs),
static random access memories (SRAMs), erasable pro-
grammable read-only memories (EPROMs), flash mem-
ories, electrically erasable programmable read-only
memories (EEPROMs), magnetic or optical cards, or any
other type of media suitable for storing electronic instruc-
tions.
[0107] While the present invention has been described
with respect to a limited number of embodiments, those
skilled in the art will appreciate numerous modifications
and variations therefrom. It is intended that the appended
claims cover all such modifications and variations as fall
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within the scope of this present invention.

Claims

1. An apparatus (1000) comprising:

a first device (1010) comprising:

a plurality of hardware buffers (1020, 1025)
each to store information associated with
one or more virtual channels (VC);
a configuration logic (1050) to determine an
identifier corresponding to a maximum
number of virtual channels (VC) supported
in common by the first device (1010) and a
second device coupleable to the first device
(1010) via a link (1005) and to obtain a con-
trol value based on the identifier; and
a gate logic (1060) to provide an operating
voltage to corresponding ones of the plural-
ity of hardware buffers (1020, 1025) based
on the control value, wherein the gate logic
(1060) is to prevent provision of the operat-
ing voltage to at least one of the plurality of
hardware buffers (1020, 1025) when the
maximum number of virtual channels (VC)
is less than the plurality of hardware buffers
(1020, 1025),

wherein the apparatus (1000) further comprises
a non-volatile storage (1080) including a map-
ping table (1085) having a plurality of entries
each to associate an identifier with a control val-
ue.

2. The apparatus (1000) of claim 1, wherein the con-
figuration logic (1050) is to determine the maximum
number of virtual channels (VC) based on a first vir-
tual channel count associated with the first device
and a second virtual channel count associated with
the second device.

3. The apparatus (1000) of claim 2, wherein the con-
figuration logic (1050) is to obtain the first virtual
channel count from a virtual channel count field of a
configuration storage (1070) of the first device and
to obtain the second virtual channel count from a
virtual channel count field of a configuration storage
of the second device.

4. The apparatus (1000) of claim 1, wherein the gate
logic (1060) includes a plurality of logic circuits (950)
each to receive a bit of the control value and the
operating voltage and to provide the operating volt-
age to one of the plurality of hardware buffers (1020,
1025) based on a value of the bit.

5. The apparatus (1000) of any one of claims 1-4,
wherein the configuration logic (1050) is to obtain
the control value from an entry of the mapping table
(1085) accessed using the identifier.

6. The apparatus (1000) of claim 5, wherein the control
value includes a plurality of bits each associated with
one of the plurality of hardware buffers (1020, 1025),
each of the bits of a first state to indicate that the
associated hardware buffer (1020, 1025) is to be en-
abled and of a second state to indicate that the as-
sociated hardware buffer (1020, 1025) is to be dis-
abled.

7. The apparatus (1000) of any one of claims 1-4,
wherein the first device comprises a configuration
storage (1070) to store a count of the maximum
number of virtual channels (VC) supported by the
first device, and the configuration storage (1070) is
to further store a copy of one or more entries of the
mapping table (1085), wherein the non-volatile stor-
age (1080) is a separate component from the first
device and coupled to the first device via a second
link (1090).

8. A system comprising the apparatus (1000) of claim
1 and further including the second device, wherein
the first device (1010) has a greater number of hard-
ware buffers (1020, 1025) than the second device.

9. A method performed by a first endpoint comprising
gate logic and a plurality of hardware buffers each
to store information associated with one or more vir-
tual channels, the method comprising:

determining an identifier corresponding to a
maximum number of virtual channels supported
in common by the first endpoint and a second
endpoint coupled thereto via a link;
accessing a storage using the identifier to obtain
a control value; and
providing an operating voltage to corresponding
ones of the plurality of hardware buffers via the
gate logic based on the control value, wherein
providing the operating voltage includes provid-
ing the operating voltage to the corresponding
ones of the plurality of hardware buffers, and not
providing the operating voltage to at least one
of the plurality of hardware buffers when the
maximum number of virtual channels is less than
the plurality of hardware buffers,
wherein the method further comprises access-
ing, during configuration of the link, the storage
using the identifier, wherein the storage is cou-
pled to the first endpoint and includes a plurality
of entries each to store an identifier and a control
value.
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10. A machine-readable storage medium including ma-
chine-readable instructions which, when executed
by an apparatus according to any of claims 1 to 7,
adapt said apparatus to implement a method as
claimed in claim 9.

Patentansprüche

1. Gerät (1000) umfassend:

eine erste Vorrichtung (1010) umfassend:

eine Mehrzahl von Hardwarepuffern (1020,
1025), die jeweils Informationen speichern
sollen, die einem oder mehreren virtuellen
Kanälen (VC) zugeordnet sind;
eine Konfigurationslogik (1050) zur Bestim-
mung einer Kennung, die einer maximalen
Anzahl von virtuellen Kanälen (VC) ent-
spricht, die gemeinsam von der ersten Vor-
richtung (1010) und einer zweiten Vorrich-
tung, die über eine Verbindung (1005) mit
der ersten Vorrichtung (1010) gekoppelt
werden kann, unterstützt werden, und zum
Bezug eines Steuerwerts basierend auf der
Kennung; und
eine Gatterlogik (1060) zur Bereitstellung
einer Betriebsspannung an entsprechende
der Mehrzahl von Hardwarepuffern (1020,
1025) basierend auf dem Steuerwert, wobei
die Gatterlogik (1060) eine Bereitstellung
der Betriebsspannung an mindestens eine
der Mehrzahl von Hardwarepuffern (1020,
1025) verhindern soll, wenn die maximale
Anzahl von virtuellen Kanälen (VC) niedri-
ger als die Mehrzahl von Hardwarepuffern
(1020, 1025) ist,

wobei das Gerät (1000) ferner einen nichtflüch-
tigen Speicher (1080) umfasst, der eine Zuord-
nungstabelle (1085) mit einer Mehrzahl von Ein-
trägen aufweist, die jeweils eine Kennung einem
Steuerwert zuordnen sollen.

2. Gerät (1000) nach Anspruch 1, wobei die Konfigu-
rationslogik (1050) die maximale Anzahl von virtuel-
len Kanälen (VC) basierend auf einer ersten Zahl
virtueller Kanäle, die der ersten Vorrichtung zuge-
ordnet ist, und einer zweiten Zahl virtueller Kanäle,
die der zweiten Vorrichtung zugeordnet ist, bestim-
men soll.

3. Gerät (1000) nach Anspruch 2, wobei die Konfigu-
rationslogik (1050) die erste Zahl virtueller Kanäle
aus einem Feld für eine Zahl virtueller Kanäle eines
Konfigurationsspeichers (1070) der ersten Vorrich-
tung und die zweite Zahl virtueller Kanäle aus einem

Feld für eine Zahl virtueller Kanäle eines Konfigura-
tionsspeichers der zweiten Vorrichtung beziehen
soll.

4. Gerät (1000) nach Anspruch 1, wobei die Gatterlogik
(1060) eine Mehrzahl von Logikschaltungen (950)
aufweist, die jeweils ein Bit des Steuerwerts und die
Betriebsspannung empfangen sollen und die Be-
triebsspannung an einen der Mehrzahl von Hardwa-
repuffern (1020, 1025) basierend auf einem Wert
des Bits bereitstellen sollen.

5. Gerät (1000) nach einem der Ansprüche 1 bis 4, wo-
bei die Konfigurationslogik (1050) den Steuerwert
aus einem Eintrag der Zuordnungstabelle (1085) be-
ziehen soll, auf die mithilfe der Kennung zugegriffen
wird.

6. Gerät (1000) nach Anspruch 5, wobei der Steuerwert
eine Mehrzahl von Bits aufweist, die jeweils einem
der Mehrzahl von Hardwarepuffern (1020, 1025) zu-
geordnet sind, wobei jedes der Bits eines ersten Zu-
stands angeben soll, dass der zugehörige Hardwa-
repuffer (1020, 1025) aktiviert werden soll, und eines
zweiten Zustands angeben soll, dass der zugehörige
Hardwarepuffer (1020, 1025) deaktiviert werden
soll.

7. Gerät (1000) nach einem der Ansprüche 1 bis 4, wo-
bei die erste Vorrichtung einen Konfigurationsspei-
cher (1070) umfasst, um eine Zahl der maximalen
Anzahl von virtuellen Kanälen (VC) zu speichern, die
von der ersten Vorrichtung unterstützt werden, und
der Konfigurationsspeicher (1070) ferner eine Kopie
eines oder mehrerer Einträge der Zuordnungstabel-
le (1085) speichern soll, wobei der nichtflüchtige
Speicher (1080) eine Komponente ist, die von der
ersten Vorrichtung getrennt ist, und über eine zweite
Verbindung (1090) mit der ersten Vorrichtung ge-
koppelt ist.

8. System umfassend das Gerät (1000) nach Anspruch
1 und ferner aufweisend die zweite Vorrichtung, wo-
bei die erste Vorrichtung (1010) eine größere Anzahl
von Hardwarepuffern (1020, 1025) als die zweite
Vorrichtung aufweist.

9. Verfahren, das von einem ersten Endpunkt durch-
geführt wird, der Gatterlogik und eine Mehrzahl von
Hardwarepuffern umfasst, die jeweils Informationen
speichern sollen, die einem oder mehreren virtuellen
Kanälen zugeordnet sind, das Verfahren umfas-
send:

Bestimmen einer Kennung, die einer maximalen
Anzahl von virtuellen Kanälen entspricht, die ge-
meinsam vom ersten Endpunkt und einem zwei-
ten Endpunkt, der über eine Verbindung damit
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gekoppelt ist, unterstützt werden;
Zugreifen auf einen Speicher mithilfe der Ken-
nung, um einen Steuerwert zu beziehen; und
Bereitstellen einer Betriebsspannung an ent-
sprechende der Mehrzahl von Hardwarepuffern
über die Gatterlogik basierend auf dem Steuer-
wert, wobei Bereitstellen der Betriebsspannung
Bereitstellen der Betriebsspannung an die ent-
sprechenden der Mehrzahl von Hardwarepuf-
fern und nicht Bereitstellen der Betriebsspan-
nung an mindestens einen der Mehrzahl von
Hardwarepuffern, wenn die maximale Anzahl
von virtuellen Kanälen niedriger als die Mehr-
zahl von Hardwarepuffern ist, umfasst,
wobei das Verfahren ferner Zugreifen, während
des Konfigurierens der Verbindung, auf den
Speicher mithilfe der Kennung umfasst, wobei
der Speicher mit dem ersten Endpunkt gekop-
pelt ist und eine Mehrzahl von Einträgen auf-
weist, die jeweils eine Kennung und einen Steu-
erwert speichern sollen.

10. Maschinenlesbares Speichermedium, das maschi-
nenlesbare Anweisungen enthält, die bei Ausfüh-
rung durch ein Gerät nach einem der Ansprüche 1
bis 7 das Gerät so anpassen, dass es ein Verfahren
nach Anspruch 9 durchführt.

Revendications

1. Appareil (1000) comprenant :

un premier dispositif (1010) comprenant :

une pluralité de mémoires tampons maté-
rielles (1020, 1025) destinées chacune à
stocker des informations associées à un ou
plusieurs canaux virtuels (VC) ;
une logique de configuration (1050) pour
déterminer un identifiant correspondant à
un nombre maximal de canaux virtuels (VC)
soutenus en commun par le premier dispo-
sitif (1010) et un second dispositif pouvant
être couplé au premier dispositif (1010) via
une liaison (1005) et pour obtenir une valeur
de commande sur la base de l’identifiant ; et
une logique de porte (1060) pour fournir une
tension de fonctionnement aux mémoires
tampons correspondantes de la pluralité de
mémoires tampons matérielles (1020,
1025) sur la base de la valeur de comman-
de,

dans lequel la logique de porte (1060) doit em-
pêcher la fourniture de la tension de fonctionne-
ment à au moins une mémoire tampon de la
pluralité de mémoires tampons matérielles

(1020, 1025) quand le nombre maximal de ca-
naux virtuels (VC) est inférieur à la pluralité de
mémoires tampons matérielles (1020, 1025),
dans lequel l’appareil (1000) comprend en outre
une mémoire non volatile (1080) comprenant
une table de mappage (1085) comportant une
pluralité d’entrées destinées chacune à associer
un identifiant à une valeur de commande.

2. Appareil (1000) selon la revendication 1, dans lequel
la logique de configuration (1050) doit déterminer le
nombre maximal de canaux virtuels (VC) sur la base
d’un premier comptage de canaux virtuels associés
au premier dispositif et d’un second comptage de
canaux virtuels associés au second dispositif.

3. Appareil (1000) selon la revendication 2, dans lequel
la logique de configuration (1050) doit obtenir le pre-
mier comptage de canaux virtuels à partir d’un
champ de comptage de canaux virtuels d’une mé-
moire de configuration (1070) du premier dispositif
et obtenir le second comptage de canaux virtuels à
partir d’un champ de comptage de canaux virtuels
d’une mémoire de configuration du second dispositif.

4. Appareil (1000) selon la revendication 1, dans lequel
la logique de porte (1060) comprend une pluralité de
circuits logiques (950) destinés chacun à recevoir
un bit de la valeur de commande et de la tension de
fonctionnement et à fournir la tension de fonctionne-
ment à une mémoire tampon de la pluralité de mé-
moires tampons matérielles (1020, 1025) sur la base
d’une valeur du bit.

5. Appareil (1000) selon l’une quelconque des reven-
dications 1 à 4, dans lequel la logique de configura-
tion (1050) doit obtenir la valeur de commande à
partir d’une entrée de la table de mappage (1085) à
laquelle on accède au moyen de l’identifiant.

6. Appareil (1000) selon la revendication 5, dans lequel
la valeur de commande comprend une pluralité de
bits associés chacun à une mémoire tampon de la
pluralité de mémoires tampons matérielles (1020,
1025), chacun des bits d’un premier état pour indi-
quer que la mémoire tampon matérielle (1020, 1025)
associée doit être activée et d’un second état pour
indiquer que la mémoire tampon matérielle (1020,
1025) associée doit être désactivée.

7. Appareil (1000) selon l’une quelconque des reven-
dications 1 à 4, dans lequel le premier dispositif com-
prend une mémoire de configuration (1070) pour
stocker un comptage du nombre maximal de canaux
virtuels (VC) soutenus par le premier dispositif et la
mémoire de configuration (1070) doit en outre stoc-
ker une copie d’une ou de plusieurs entrées de la
table de mappage (1085), dans lequel la mémoire
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non volatile (1080) est un composant séparé du pre-
mier dispositif et couplé au premier dispositif via une
seconde liaison (1090).

8. Système comprenant l’appareil (1000) selon la re-
vendication 1 et comprenant en outre le second dis-
positif, dans lequel le premier dispositif (1010) com-
porte un plus grand nombre de mémoires tampons
matérielles (1020, 1025) que le second dispositif.

9. Procédé exécuté par un premier terminal compre-
nant une logique de porte et une pluralité de mémoi-
res tampons matérielles destinées chacune à stoc-
ker des informations associées à un ou plusieurs
canaux virtuels, le procédé comprenant les opéra-
tions consistant à :

déterminer un identifiant correspondant à un
nombre maximal de canaux virtuels soutenus
en commun par le premier terminal et un second
terminal couplé à celui-ci via une liaison ;
accéder à une mémoire au moyen de l’identifiant
pour obtenir une valeur de commande ; et
fournir une tension de fonctionnement aux mé-
moires tampons correspondantes de la pluralité
de mémoires tampons matérielles via la logique
de porte sur la base de la valeur de commande,
dans lequel la fourniture de la tension de fonc-
tionnement comprend les opérations consistant
à fournir la tension de fonctionnement aux mé-
moires tampons correspondantes de la pluralité
de mémoires tampons matérielles et ne pas
fournir la tension de fonctionnement à au moins
une mémoire tampon de la pluralité de mémoi-
res tampons matérielles quand le nombre maxi-
mal de canaux virtuels est inférieur à la pluralité
de mémoires tampons matérielles,
dans lequel le procédé comprend en outre l’opé-
ration consistant à accéder, pendant la configu-
ration de la liaison, à la mémoire au moyen de
l’identifiant, dans lequel la mémoire est couplée
au premier terminal et comprend une pluralité
d’entrées destinées chacune à stocker un iden-
tifiant et une valeur de commande.

10. Support de stockage lisible par machine comprenant
des instructions lisibles par machine qui, quand elles
sont exécutées par un appareil selon l’une quelcon-
que des revendications 1 à 7, adaptent ledit appareil
pour mettre en œuvre un procédé selon la revendi-
cation 9.
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